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1 INTRODUCTION 
 
During the last few decades, cold-formed and thin-
walled steel sections have been used extensively in 
residential, industrial and commercial buildings as 
primary load bearing members. The reasons for the 
popularity of cold-formed steel members include 
their wide range of applications, high strength to 
weight ratio, economy of transportation and han-
dling, ease of fabrication and erection. LiteSteel 
Beam (LSB) is a new cold-formed steel hollow 
flange channel beam produced by OneSteel Austral-
ian Tube Mills (Fig. 1) (OATM, 2008). The LSB has 
a unique shape including two rectangular hollow 
flanges, and is manufactured using dual electric re-
sistance welding and automated continuous roll-
forming technologies. It has the beneficial characte-
ristics of including torsionally rigid closed rectangu-
lar flanges combined with economical fabrication 
processes from a single strip of high strength steel. It 
is capable of providing higher structural perfor-
mance compared to other cold-formed steel beams. 
The LSB has a wide range of applications in resi-
dential, commercial and industrial construction, and 
is considered to be about 40% lighter than tradition-
al hot-rolled structural sections of equivalent bend-
ing strength (OATM, 2008).The LSB sections are 
commonly used as flexural members, for example, 
floor joists and bearers. For LSBs to be used as flex-
ural members, their flexural and shear capacities 
must be known. Flexural behaviour and strength of 
LSBs has been investigated recently by Anapayan & 
Mahendran (2009) by using experimental and nu-
merical studies. However, the shear behaviour of the 
new mono-symmetric LSBs has not been investi-
gated yet. Past research (Porter et al. 1975, Lee et al. 
1995) was restricted to plate girders. Therefore a de-
tailed investigation based on experimental and nu-
merical studies was undertaken to investigate the 
shear behaviour and strength of LSBs.  
An experimental study involving 25 shear tests 
was undertaken first to investigate the shear beha-
viour and strength of LSB sections. Details of this 
experimental study and the results are presented in 
Keerthan & Mahendran (2010a). Finite element 
models of LSBs in shear were then developed and 
validated by comparing their results with experimen-
tal results. Details of the development and validation 
of finite element models of LSBs are given in Keer-
than & Mahendran (2009a). Elastic shear buckling 
behaviour of LSB sections was also investigated us-
ing finite element analyses in order to include the ef-
fect of true support conditions at the junction be-
tween their flange and web elements (Keerthan & 
Mahendran, 2010b). Following these studies, a de-
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ABSTRACT: This paper presents the details of a parametric study based on finite element analyses (FEA) 
and development of design rules for the shear strength of a recently developed, cold-formed steel channel 
beam known as LiteSteel Beam (LSB). The LSB sections are commonly used as flexural members in residen-
tial, industrial and commercial buildings. In order to ensure safe and efficient designs of LSBs, many research 
studies have been undertaken on the flexural behaviour of LSBs. However, no research has been undertaken 
on the shear behaviour of LSBs. Therefore a detailed investigation including both numerical and experimental 
studies was undertaken to investigate the shear behaviour of LSBs. Both the experimental and FEA parame-
tric study results showed that the current design rules in cold-formed steel design codes are very conservative 
for the shear design of LSBs. New shear strength equations for LSBs were proposed based on the experimen-
tal and FEA parametric study results. 
tailed parametric study was conducted using the va-
lidated finite element model of LSB to develop ac-
curate shear design rules. This paper presents the de-
tails of this study, its results and the developed shear 
design rules for LSBs. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. LiteSteel beam (LSB). 
2 PARAMETRIC STUDY INTO THE SHEAR 
BEHAVIOUR OF LSBS 
 
The objectives of the parametric study were to in-
vestigate the shear behaviour of LSBs and develop 
accurate design rules based on an extensive shear 
strength data base in order to use their full shear ca-
pacities and increase their range of applications in 
the construction industry. To achieve these objec-
tives a suitable finite element model is required that 
is capable of accurately simulating the nonlinear ul-
timate shear strength behaviour of LSBs including 
their elastic buckling characteristics. For this pur-
pose, a general purpose finite element program AB-
AQUS Version 6.7 (HKS, 2007), which has the ca-
pability of undertaking geometric and material 
nonlinear analyses of three dimensional structures, 
was used.   
Keerthan & Mahendran (2009a & 2010b) devel-
oped two types of finite element models to investi-
gate the shear behaviour of LSBs. Both models were 
based on the commonly used shear test arrangement 
of simply supported beams under three-point loading 
as shown in Figure 2. Experimental study showed 
that shear tests of single LSBs with shear centre 
loading gave similar results in comparison to those 
using back to back LSBs (Keerthan & Mahendran, 
2010a). Hence finite element models of single LSBs 
with shear centre loading and simply supported 
boundary conditions were used to simulate the be-
haviour and strength of LSBs under primarily shear 
forces.  
In the first model (Keerthan & Mahendran, 
2010b) simply supported conditions were applied di-
rectly to the web element with the applied load 
based on the shear flows and forces in LSBs to elim-
inate any torsional loading effects. The second mod-
el (Keerthan & Mahendran, 2009a) was developed 
to simulate the behaviour of tested LSBs as closely 
as possible and hence web side plates as used in the 
tests were modelled using rigid body elements while 
loads and reactions were applied at the shear centre. 
However, both finite element models gave the same 
shear buckling and ultimate failure loads. This con-
firms that the use of rigid body elements (web side 
plates) simulated the required ideal simply supported 
boundary conditions. The second model was vali-
dated by comparing its nonlinear ultimate shear 
strength and failure mode results with corresponding 
results from 25 shear tests reported in Keerthan & 
Mahendran (2010a).  
The parametric study reported in this paper was 
based on this validated finite element model of 
LSBs. Figure 3 shows the details of LSB finite ele-
ment models while Figure 4 shows the comparison 
of shear failure modes from FEA and experiments. It 
shows that experimental and FEA shear failure 
modes of LSBs agree quite well. 
 
 
 
 
 
 
 
 
 
Figure 2. Schematic diagram of shear test arrangement of LSB. 
 
 
 
 
 
 
 
 
 
 
 
  (a) Geometry and FEA mesh           (b) Boundary conditions 
 
Figure 3. Finite element model of LSB.                                                    
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Figure 4. Shear failure modes of LSBs (Inelastic shear buck-
ling of 250x75x2.5 LSB with an Aspect ratio of 1.5). 
 
In order to develop the new shear strength equations 
for LSBs, a series of nonlinear finite element analy-
ses was conducted using the validated finite element 
model. The analyses were based on three key pa-
rameters, viz., aspect ratio (a/d1), clear web height to 
thickness ratio (d1/tw) and web yield stress (fyw). 
Two aspect ratios of 1.0 and 1.5 were considered 
with a clear web height to thickness ratio (d1/tw) 
variation of 60 to 163 while the web yield stress was 
varied from 250 to 450 MPa in intervals of 25 MPa. 
The flange yield stress was taken as 450 MPa 
(nominal value). The clear web height to thickness 
ratio (d1/tw) was varied by simply changing the 
thickness. For example, in the case of 150x45x2.0 
LSB, its thickness was varied from 1.6 mm to 2.0 
mm in intervals of 0.1 mm for web and flange of 
LSBs (tw = tf). This resulted in a total of 238 finite 
element analyses and led to extensive ultimate shear 
strength data for LSBs in addition to the experimen-
tal strengths obtained from Keerthan & Mahendran 
(2010a).  
Some of the ultimate shear capacity results ob-
tained from the nonlinear finite element analyses 
(FEA) are given in Table 1. Other results are given 
in Keerthan & Mahendran (2009b). In Table 1, the 
ultimate shear strength u was calculated as the ulti-
mate shear capacity from FEA (Vu) divided the by 
web area of d1tw whereas the slenderness ( ) was 
calculated as cryw   where yw  is the shear web 
yield stress equal to 0.6fyw and cr  is the elastic 
shear buckling stress.  
This table also presents the ratios of applied mo-
ment to section moment capacity of LSBs (M*/Ms). 
The section moment capacities of LSBs were calcu-
lated based on the relevant design rules in AS/NZS 
4600 whereas M* was the applied moment at fail-
ure. In order to simulate primarily shear conditions, 
finite element analyses were carried out for LSBs 
with ratios of M*/Ms less than 0.70. 
 
Table 1. Selected ultimate shear strength results from the pa-
rametric study (aspect ratio of 1.0). __________________________________________________ 
LSB                       fyw       Vu         M*/Ms     v                  
section            (MPa)   (kN)               (MPa)                          __________________________________________________ 
 
250x60x2.0           250       61.0    0.37     145.2      0.97     0.87 
 
250x60x2.0            275      66.0    0.40     157.1      0.95     0.91 
 
250x60x2.0            300      70.5    0.42     167.9      0.93     0.92 
 
250x60x2.0            325      75.0    0.45     178.6      0.92     0.99 
 
250x60x2.0            350      79.5    0.48     189.3      0.90     1.03 
 
250x60x2.0            375      83.5    0.50     198.8      0.88     1.06 
  
250x60x2.0            400      87.5    0.53     208.3      0.87     1.10 
 
250x60x2.0            425      91.5    0.55     217.9      0.85     1.13 
 
250x60x2.0            450      95.5    0.58     227.4      0.84     1.16 
 
250x60x2.1           250      65.0     0.37     147.4      0.98     0.83 
 
250x60x2.1           275      70.0     0.40     158.7      0.96     0.87 
 
250x60x2.1           300      75.5     0.43     171.2      0.95     0.90 
 
250x60x2.1           325      80.0     0.46     181.4      0.93    0.94 
 
250x60x2.1           350      85.0     0.49     192.7        0.92    0.98 
 __________________________________________________ 
 
Preliminary finite element analyses showed that the 
effect of residual stress on the shear capacity of 
LSBs is less than 1%, and therefore it was decided 
to neglect the residual stresses in most of the analys-
es in this research.  
3 SHEAR STRENGTH DESIGN RULES FOR 
LSBS 
 
New shear strength formulae were proposed for 
LSBs based on the current design equations for 
shear strength given in AISI (2006), FEA and test 
results. The increased shear buckling coefficient 
given by Equation 4 (kLSB) was included to allow for 
the additional fixity in the web-flange juncture 
(Keerthan & Mahendran, 2010b). Equations 1 to 3 
present the new proposed shear design equations 
without the reserve post-buckling strength.  
Equations 7 to 9 were also developed in which 
post-buckling strength was included. Here post-
buckling is included in the inelastic and elastic 
buckling regions to replace Equations 2 and 3. New 
design Equations (Eqs. 8 and 9) are based on Lee et 
al. (1998), who used a similar approach for plate 
girders.   
 
   ywv 
In these equations a post-buckling strength coeffi-
cient of 0.25 was used based on the large number of 
ultimate shear strength data from the parametric 
study and the experimental results given in Keerthan 
& Mahendran (2010a). Keerthan & Mahendran 
(2010a) proposed a post-buckling strength coeffi-
cient of 0.20 using the results of tested LSBs alone. 
The nominal shear capacities (Vv) can be calculated 
by multiplying the shear strengths (τv) from Equa-
tions 1 to 3 and Equations 7 to 9 by the area of web 
element (d1tw). 
Table 2 compares the predictions from Equations 
7 to 9 with some of the ultimate shear capacity re-
sults from the parametric study. Other comparisons 
including those with experimental results are pre-
sented in Keerthan & Mahendran (2009b). These 
comparisons show that the ultimate shear capacities 
predicted by Equations 7 to 9 agree well with FEA 
shear capacities. The mean value of FEA/Test to 
predicted capacity ratio is 1.057 while the corres-
ponding coefficient of variation (COV) is 0.06. In 
contrast the current shear design rules are very con-
servative in predicting the shear capacities of LSBs, 
in particular for webs with larger d1/tw ratios (i.e. 
elastic buckling region). The mean and COV values 
for the ratio of FEA/Test to AS/NZS 4600 capacities 
are 1.316 and 0.272, respectively. 
New design equations (Equations 10 and 11) were 
also proposed for the shear strength of LSBs in a 
similar manner to those of the section moment ca-
pacity of beams subject to local buckling. As for 
hot-rolled I-sections (AS 4100), two regions based 
on shear yielding, and elastic and inelastic shear 
buckling, were considered (AS 4100).  
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Table 2. Comparison of FEA ultimate shear capacities with 
Equations 7 to 9 and AS/NZS 4600 for 250x60x2.0 LSB with 
an aspect ratio of 1.0. __________________________________________________ 
LSB                 fyw       FEA    Eqs.    AS 4600    EA        FEA 
section     (MPa)    (kN)  7-9(kN)   (kN)    Eqs.7-9  AS 4600     __________________________________________________ 
 
250x60x2.0     250      61.0     60.0      55.3         1.01       1.10 
 
250x60x2.0     275      66.0     63.6      58.0         1.03       1.14 
 
250x60x2.0     300      70.5     67.0      60.6         1.04       1.16 
 
250x60x2.0     325      75.0     70.4      63.1         1.05       1.19 
 
250x60x2.0     350      79.5     73.7     64.4          1.07       1.23 
  
250x60x2.0     375      83.5     77.0     64.4          1.07       1.30 
  
250x60x2.0     400      87.5     80.1     64.4          1.07       1.36 
 
250x60x2.0     425      91.5     83.2     64.4          1.08       1.42 
 
250x60x2.0     450      95.5     86.3     64.4          1.09       1.48 
 __________________________________________________ 
4 DIRECT STRENGTH METHOD FOR LSBS 
The direct strength method provides simple design 
procedures for cold-formed steel members. Proposed 
design equations (Eqs. 1 to 3 and 7 to 9) are there-
fore recast in the direct strength method format and 
are given as Equations 12 to 14 and 19 to 21 (AISI, 
2006). The ultimate shear stress ( v ) was calculated 
as the ultimate shear capacity from tests or FEA di-
vided by the web area of d1tw whereas the slender-
ness was calculated using Equation 17. Equations 12 
to 14 present the proposed direct strength method 
(DSM) based design equations in which post-
buckling strength is not included. Equations 19 to 21 
present the proposed DSM design equations in 
which post-buckling strength is included. 
Figure 5 compares the shear design curve based 
on the proposed DSM based shear strength equa-
tions with FEA and experimental results. Both expe-
rimental and numerical analyses show that there is 
considerable amount of post-buckling strength for 
LSBs subjected to shear, in particular for LSBs with 
large clear web height to thickness (d1/tw) ratios. 
Therefore post-buckling shear strength can be taken 
into account in the design of LSBs. It is clear from 
Figure 5 that the new shear strength equations (Eqs. 
20 and 21) that include post-buckling strength are 
able to predict the shear strength of LSBs more ac-
curately. This research has shown that the currently 
available design rules in AS/NZS 4600 for the shear 
capacity of LSBs must be modified. It is therefore 
recommended that Eqs. 19 to 21 are adopted. Alter-
natively the DSM based Equations 22 and 23 de-
rived from Eqs.10 and 11 could also be used.  
 
It is to be noted that in the non-dimensional shear 
strength curve with slenderness (λ) as the horizontal 
axis all the results can be plotted together. Proposed 
DSM shear design equations (Eqs. 19-23) are simp-
ler equations when compared with the currently 
available shear design rules for cold-formed steel 
members in AS/NZS 4600. 
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Equations 22 and 23 were also plotted in Figure 5, 
which shows a good agreement with FEA and expe-
rimental results.   Equation 23 can also be written as 
follows. 
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Figure 5. Comparison of shear strengths of LSBs with direct 
strength method based design equations.        
5 CONCLUSION 
This paper has presented the details of an investiga-
tion into the shear strength of LSBs using finite ele-
ment analyses. A detailed parametric study was car-
ried out based on three key parameters such as 
aspect ratio, clear web height to thickness ratio and 
web yield stress. The results showed that the current 
design rules in cold-formed steel structures design 
codes are very conservative for the shear design of 
LSBs. Significant improvements to web shear buck-
ling occurred due to the presence of torsionally rigid 
rectangular hollow flanges while considerable post-
buckling strength was also observed. New equations 
have been proposed for the shear strength of LSBs 
based on the results from both the numerical and ex-
perimental studies. Proposed design equations were 
also recast in the direct strength method format and 
are presented in this paper.  
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